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PURPOSE: To decrease the contamination of substrates, the electrostatic breakdown of 
the respective elements, etc., formed on the substrates, the defects of liquid crystal 
images, etc., and to uniformize the orientation to liquid crystal molecules. 

CONSTITUTION: A pair of the substrate parts 1 , 2 having substrates 11,21 and oriented 
films 13, 23 coating these substrates are disposed apart a specified distance by disposing 
the oriented film 13, 23 side on the opposite surfaces. A liquid crystal 3 is sealed between 
these two substrate parts. Periodic or non- periodic rugged patterns which are respectively 
asymmetrical in the sectional shape of the ruggedness are formed by a chemical 
treatment on the surfaces of the substrates 11,21 and/or the opposite surfaces of the 
oriented films 13, 23 respectively in the substrate parts 1, 2. The opposite surfaces of the 
respective substrate parts in contact with the liquid crystal have the periodic or non- 
periodic rugged patterns which are respectively asymmetrical in the sectional shape of the 
ruggedness along the rugged patterns on the surfaces of the substrates 11,21 and/or the 
opposite surfaces of the oriented films 13, 23. 
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(57) [Abstract] 
[Objective] 

In liquid crystal display element, the purpose is to decrease the pollution of substrate, the 
electrostatic breakdown of each element etc which was formed on substrate, and the defects etc of 
liquid crystal image, and to achieve the orientation uniformity for liquid crystal molecule. 

[Structure] 

A pair of substrate part 1, 2 which possesses substrate 11,21 and orientation film 1 3, 2 3 which 
covered these are arranged with the interval of fixed distance with orientation film 1 3, 2 3 side as 
opposite surface 

liquid crystal 3 is enclosed between both substrates sections. 

In respective substrate part 1, 2. periodic or non-periodic concave and convex shaped patterns are 
formed on the surface of substrate 11.21 .and or the opposite surface of orientation film 13,23 
where cross section shape of each concave and convex shapes are asymmetrical by chemical 
treatment. 

On the opposite surface which touches the liquid crystal of each substrate part, the cross section 
shape of each concave and convex shapes which parallels concave and convex shaped pattern of the 
surface of the aforementioned substrate 11,21 and or the opposite surface of the orientation film 1 
j» , 

2 3 has asymmetrical and periodic or non-periodic concave convex shaped pattern. 




[Claim(s)] 
[Claim 1] 

It is the liquid crystal display element which possesses the orientation film which was formed by 
polymeric materials which cover the substrate and said substrate surface, a pair of substrate part that 
is arranged with a constant distance with aforementioned orientation film side as opposite surface 
and the liquid crystal which is enclosed between the said pair of substrate part. 

In respective substrate part , periodic or non-periodic concave and convex shaped patterns are formed 
on the surface of substrate. and/or the opposite surface of orientation film where cross section shape 
of each concave and convex shapes are asymmetrical by chemical treatment. 

the opposite surface which touches the liquid crystal of each aforementioned substrate part is 
equipped with periodic or non-periodic concave and convex shaped pattern where the cross section 
shape of each concave and convex shapes which parallels the concave and convex shaped pattern of 
the surface of the aforementioned substrate and/or the opposite surface of the orientation film is 
asymmetrical. The liquid crystal display element has above characteristics. 

[Description of the Invention] 

[0001] 

[Field of Industrial Application] 

This invention relates to liquid crystal display element. 



[0002] 



[Prior Art] 



Generally, liquid crystal display element consists of a pair of substrate that are arranged facing each 
other with constant distance, and the orientation film which covers the surface of respective substrate 
which mutually opposes, and liquid crystal that is enclosed via these orientation film between the 
aforementioned substrates. 

In this kind of liquid crystal display element, regarding the pixel part the transparent electrode is 
laminated on aforementioned substrate, furthermore, the orientation film is formed on said 
transparent electrode, the voltage can be applied by transparent electrode vis-a-vis liquid crystal. 

Especially recently, as liquid crystal display element which is used for display system of active 
matrix type, liquid crystal display element, the driver element such thin film transistor (TFT, Thin 
Film transistor ) etc is mounted on one hand side of substrate in aforementioned pixel part is 
developed and is utilized. 

[0003] 

Among constituent component of liquid crystal display element as above-mentioned, regarding the 
aforementioned orientation film, on the surface which touches the liquid crystal, in order for the 
liquid crystal molecules 'orientation to be made in a fixed direction, the insulating film surface used 
to be subjected to the various orientation treatment 

As these orientation treatment, treatment which is called rubbing method has been widely executed 
until recently. 

[0004] 

Regarding this rubbing method, it is a method whereby it rubs (it does rubbing) in a fixed direction 
the surface which touches the liquid crystal in insulating polymer film etc which was formed on 
substrate, making use of cotton and fabric or other fibrous substance, thereby, providing the 
orientation capability for liquid crystal on film surface 

Concerning said orientation capability, shape effective theory and interaction effective theory are 
proposed wherein according to shape effective theory, due to the fine concave and convex shapes 
that are formed over the polymer film surface by rubbing, tilt angles of liquid crystal molecules are 
controlled (the angles of orientation of slanting of liquid crystal molecules toward the substrate), and 
according to interaction effective theory, the said film surface gets extended while being rubbed, 
thereby, polymer molecules which form films get oriented, according to this orientation, the 
directional tendency of orientation and uniformity of liquid crystal molecules are controlled. 

In addition, it is thought that by the direction of rubbing treatment, final visual sense direction of 
liquid crystal display picture is decided. 

Regarding the orientation treatment by this rubbing method, since it can use the easy and very simple 
manufacturing facility by this nibbing method, and it can form the large amount of orientation film 
quickly and the orientation-regulating force for liquid crystal molecule of treated orientation film is 
very strong, it is most frequently used for production of present liquid crystal display element 

[0005] 

But, with above-mentioned rubbing method, regarding the liquid crystal display element with small 
display surface area (surface area of orientation film is small), it enables the uniform rubbing, on the 
other hand, regarding the element with large display surface area, it becomes difficult to uniformly 
set up the contact pressure of fibrous substance against the film surface of substrate (the area of 



orientation film is large) 



It is not easy to control this contact pressure, furthermore, it originates in durability of fibrous 
substance which is used, and it changes partially, time wise. 

From above, performance of orientation film which is formed becomes non-uniform over the entire 
membrane, in the mass production, it is difficult to reproduce, and the orientation uniformity of 
liquid crystal substance in the display images of liquid crystal display clement becomes insufficient. 

[0006] 

In addition, with rubbing method, pollution of substrate and its periphery is caused by constituent 
ingredient (yarn cutting etc) of fibrous substance which is used. 

Furthermore, the process which rubs on dielectric like polymer film by the fabric is included, static 
electricity of large scale occurs on orientation film. 

because of this, substrate surface gets charged statically, rubbish is absorbed and the gap between 
substrates gets wider than the predetermined spacing , defects are generated in liquid crystal display 
element which was formed 

In addition, at the process wherein the thin film surface on substrate is rubbed with fabric, 
unnecessary scar occurs in substrate surface, also defect of liquid crystal display picture occurs even 
by this. 

[0007] 

Like above, regarding liquid crystal display element which is used for especially aforementioned 
active matrix type display system, the deficiency of orientation treatment by rubbing method 
furthermore becomes large problem. 

In this kind of liquid crystal display element, since the driver element which is installed on the 
substrate gets destroyed by the static electricity which occurs by rubbing, the failure rate of this said 
liquid crystal display element furthermore rises with this. 

In addition, in this said liquid crystal display element, on the surface of thin film (orientation film ) 
which covers substrate surface where the driver element(s) in pixel part is (are) mounted, since the 
concave and convex shapes exists due to the existence of said active element and the flatness is 
impaired, it is not possible to administer rubbing uniformly over the entire thin film surface. 

As a result, the unevenness of treatment occurs at the time of rubbing, the distribution of orientation 
capability for liquid crystal of orientation film which was formed becomes non-uniform, image loss 
of liquid crystal display occurs. 

In addition, regulation for the rubbing treatment direction is likely to occur, also visual sense 
direction of liquid crystal display picture is regulated by this, the application range of liquid crystal 
display element which is formed becomes narrow, and practical value decreases. 

[0008] 

Like above, with the currently used rubbing method, the large number of problem exists for quality 
of liquid crystal display element. 

Therefore, orientation treatment method (orientation film formation method) which substitutes the 
aforementioned rubbing method is strongly demanded; several researches are being reported in order 
to answer this demand. 



[0009] 



The orientation film formation method presently being researched has been based on the fact below. 

Namely, when liquid crystal molecules are put on substrate (orientation film ) which possesses linear 
concave and convex grooves which lines up into equal spacing, it is a fact that these liquid crystal 
molecule get orientated in a direction which parallels grooves. 

Concerning this fact, H.V. it is stated in Physical Review A24 (5)2713 (1981) by H V Kennel etal. 
and Japanese Journal of Applied Physics 20 (7) in 1343( 1981 ) etc by A. Sugiyama 

For instance, in Japan Unexamined Patent Publication Showa 60-60624 number by Yokoyama 
Kazuo and others, the method is disclosed whereby the grating shaped concave and convex shapes 
are formed by irradiating 2 light flux interference streak of laser light onto substrate surface. 

In addition, in Japan Unexamined Patent Publication Showa 6 1- 1 1725 number by Tanaka etal, a 
method is disclosed whereby the orientation film is formed by copying and exposing mask pattern on 
the negative type photosensitive PVA film. 

But, these methods have not reached the industrial practice level yet. 

For example, the orientation film of above-mentioned Japan Unexamined Patent Publication Showa 6 
1- 1 1725 number has not had the satisfactory heat resistance in order to be used for liquid crystal 
display element. 

[0010] 

In addition, regarding the liquid crystal display element which possesses orientation film as described 
above, orientation uniformity of liquid crystal molecule is not achieved satisfactorily. 

This is presumed that it has originated in the fact that the cross section shape of each concave and 
convex shape of aforementioned orientation film are symmetrical shape such as rectangular shape. 

Namely, when cross section shape of each concave and convex shapes are symmetrical shape, it is 
considered that it is caused by the fact that it is difficult to optionally control the orientation angles of 
liquid crystal molecules against the group direction which forms especially concave and convex 
shapes. 

[0011] 

[Problems to be Solved by the Invention] 

This invention was done considering the above-mentioned problems, the topic is to provide liquid 
crystal molecule with high performance wherein the pollution of substrate and the electrostatic 
breakdown of each element etc which was formed on substrate are decreased, and the defects etc of 
liquid crystal image are decreased, and the orientation uniformity for liquid crystal molecule is 
achieved. 

[0012] 

[Means to Solve the Problems] 

The liquid crystal display element of this invention has the characteristics wherein it possesses the 
orientation film which was formed by polymeric materials which cover the substrate and said 
substrate surface, and is equipped with a pair of substrate part that is arranged with a constant 



distance with aforementioned orientation film side as opposite surface and the liquid crystal which is 
enclosed between the said pair of substrate part; in respective aforementioned substrate part, periodic 
or non-periodic concave and convex shaped patterns where each concave and convex shaped cross 
section shape are asymmetrical are formed by the chemical treatment on the surface of the 
aforementioned substrate and/or the opposite surface of orientation film; and the opposite surface 
which touches the liquid crystal of each aforementioned substrate part is equipped with periodic or 
non-periodic concave and convex shaped pattern where the cross section shape of each concave and 
convex shapes which parallels the concave and convex shaped pattern of the surface of the 
aforementioned substrate and/or the opposite surface of the orientation film is asymmetrical. 

Below, details of this invention are explained. 

[0013] 

In liquid crystal display element of this invention, the shape of opposite surface which touches liquid 
crystal of aforementioned substrate part is concave and convex shaped where each convex and 
concave shaped cross section is asymmetrical, and it is presumed that this concave and convex 
shapes controls the orientation of liquid crystal molecules. 

Generally, the opposite surface which touches liquid crystal of the substrate part corresponds to the 
surface that touches the liquid crystal of orientation film, hence, concave and convex shape of surface 
which touches liquid crystal in this orientation film controls orientation of the liquid crystal molecule 
directly. 

[0014] 

In this invention, regarding the statement that the cross section shape of each concave and convex 
shapes on opposite surface of substrate part is asymmetrical, it means that on the cross section which 
parallels the perpendicular direction vis-a-vis the direction of ridge line (convex part ) or valley line 
(concave part) in said concave and convex shapes, concave and convex shapes are asymmetric 
graphically. 

[0015] 

In liquid crystal display element of this invention, it is fine if the concave and convex shaped pattern 
on the opposite surface of above-mentioned each substrate part is based on at least one layer of shape 
among the substrate or orientation film which forms substrate part.. 

Namely, among the substrate and orientation film, it is fine if the surface of at least one layer is 
equipped with the periodic or non-periodic concave and convex shaped pattern where cross section 
shape of each concave and convex shapes which was formed by chemical treatment is asymmetrical 
and this kind of concave and convex shaped pattern appears on the opposite surface which touches 
the liquid crystal in the aforementioned substrate part at the end. 

[0016] 

The substrate which forms aforementioned substrate part is usually formed by the raw materials such 
as the glass etc, furthermore, it is fine if it has the thin layer surface such as copper. 

By excavating on this surface by ion beam etching or other chemical treatment, periodic or non- 
periodic concave and convex shaped pattern can be granted, where cross section shape of each 
concave and convex shapes are asymmetrical. 

[0017] 

On one hand, on the orientation film which forms aforementioned substrate part, thin film which was 



formed with photosensitive (photocurable ) polyimide or other photosensitive polymer is used, by 
administering photolithography or other chemical treatment to this surface, periodic or non-periodic 
concave and convex shaped pattern where cross section shape of each concave and convex shapes are 
asymmetrical can be granted. 

In addition, as described above, in case that the substrate surface is treated and possesses concave 
and convex shaped pattern, photocurable polyimide, thermosetting polyimide N epoxy resin etc can 
be used as orientation film which covers said substrate. 

These resins are formed into a film(s) on the substrate which possesses the concave and convex 
shaped pattern, furthermore by hardening, the concave and convex shaped pattern are copied on said 
substrate. 

[0018] 

This way, in liquid crystal display element of this invention, in cases of both substrate and orientation 
film, without using treatment by conventional rubbing method, periodic or non-periodic concave and 
convex shaped patterns where the cross section shape of each concave and convex shapes are 
asymmetrical are formed. 

[0019] 

Next, the embodiment of cross section structure in pixel part of liquid crystal display element of this 
invention , as described abov, will be explained, referring to Figure 1 and Figure 2. 

Furthermore, as for liquid crystal display element which is shown in Figure l,the orientation Film 
surface in aforementioned substrate part has the periodic or non-periodic concave and convex shaped 
patterns where the cross section shape of each concave and convex shapes are asymmetrical, and this 
concave and convex pattern appears on the surface which touches liquid crystal in the substrate part. 

[0020] 

In Figure 1 , 1 and 2 are substrate part. 

substrate part 1 is the laminate of substrate 1 1 and ITO (indium tin oxide ) film or other transparent 
conductive film 12 (transparent electrode ) with the orientation film 13. 

In addition, also substrate part 2 has the similar structure, is the laminate of substrate 21 and 
transparent conductive film 22 and orientation film 23. 

said substrate section 1 and 2 is opposed, placing fixed spacing with each orientation film 13, and 23 
side as the opposite surface, liquid crystal 3 is enclosed in this opposite surface . 

[0021] 

In substrate part 1 and 2, on the respective surface of orientation film 1 3,2 3, periodic concave and 
convex shaped patterns where the cross section shape of each concave and convex shapes are 
asymmetrical are formed as shown in the figure, and this concave and convex pattern appears on the 
surface which touches liquid crystal in the substrate part. 

Furthermore this said concave and convex shaped pattern can be non-periodic. 

[0022] 

As for Figure 2, it is an oblique view w hich shows structure of orientation film 23 in Figure 1 in 



detail. 



As shown in the same Figure, the cross section shape of each concave and convex shapes of the 
orientation film 23 has the graphic shape of asymmetric triangle, these concave and convex shapes 
are arranged linearly. 

In liquid crystal display element of this invention, regarding the cross section shape which is formed 
on this orientation film surface or substrate surface etc, it is desirable that in the asymmetrical 
concave and convex shapes (concave and convex shapes of substrate part surface ) polygonal shape 
possesses multiple corners in convex part, in order to regulate direction of orientation of liquid 
crystal molecule 

However, the corner in this convex part becomes 1-2 points considering the actual fabrication 
technology, furthermore, the corner which exists in equal position in each concave and convex shape 
exists principally in one straight line. 

Especially, like an orientation film 23 which is shown in Figure 2, the corner in convex part is 1 
point x namely it is desirable that the cross section shape of concave and convex shapes are 
asymmetric triangle, as to its shape, it is especially desirable that the below-mentioned Formula (1 ) - 
(4) is met. 



a < b 




...d) 


a + b=d 




...(2) 


d < 1 . 6 7x10-6 


.-(3) 


h/d>tanl3 


Deg 


... (4) 



1 cycle* h shows respectively heights of concave and convex shapes. 



Refer to Figure 2 ) 
[0023] 

Furthermore regarding the liquid crystal display element where cross section shape of concave and 
convex shapes in the opposite surface of substrate part is asymmetric triangle, w hen above Formula 
(1) - (4) is not met, there is a possibility that the orientation uniformity of the liquid crystal molecule, 
namely, the degree of orientation order decreases. 

But, in this invention, by considering the interaction of orientation film and liquid crystal material, 
even the liquid crystal display element which does not meet the aforementioned Formula (1) - (4) 
can sufficiently have improved degree of orientation order of the liquid crystal molecule. 

[0024] 

liquid crystal display element of this invention can be applied to any of the methods such as simple 
matrix type* active matrix type that are general liquid crystal display system and it does not hinge 
on type of liquid crystal molecule or the molecular w eight which is enclosed. 

[0025] 

[Working Principle] 

In the liquid crystal display element of this invention, the orientation state control of liquid crystal 



molecule is done by the concave and convex pattern in opposite surface of aforementioned substrate 
part. 

This concave and convex shaped pattern is formed by chemical treatment of orientation film which 
covers substrate or said substrate which forms said substrate section. 

Namely, in liquid crystal display element of this invention, the orientation capability for liquid 
crystal molecule is granted without using conventional rubbing method , the problem such as 
substrate or other pollution, and electrical destruction of element is evaded, variation-free uniform 
orientation treatment is done over entire surface of liquid crystal display picture of substrate part. 

[0026] 

In addition, in liquid crystal display element of this invention, Regarding the concave and convex 
shaped pattern in opposite surface of the aforementioned substrate, originating in the fact that cross 
section shape of each concave and convex shapes is asymmetrical, especially, in the vicinity of 
opposite surface which touches liquid crystal of substrate part, favorably controlling the direction of 
orientation of liquid crystal molecule is enabled. 

Furthermore, by controlling this concave and convex shape, for instance, by controlling one cycle 
(d=a+b ), height of convex part (h ), asymmetricity (a:b ), inclination ( ) etc of concave and convex 
shapes in orientation film which is shown in Figure 2, the orientation direction of liquid crystal 
molecule, namely, the liquid crystal molecular major axis direction angle for ridge line (convex part ) 
or the trough line (concave part) in the concave and convex grooves of substrate part surface, and tilt 

angle, namely, the tilt angle of liquid crystal molecule for substrate part surface, can be respectively 
controlled unrestrictedly . 

In this way, orientation uniformity of liquid crystal molecule in liquid crystal display element can be 
achieved. 

[0027] 

[Embodied example(s)] 

Below , Embodied example of this invention is explained. 

Furthermore these embodied example is stated with the objective to make understanding of this 
invention easy, and this invention is not limited to this. 

Embodied example 1-5 

[0028] 

On each surface of transparent substrate, photosensitive polyimide film is formed with the thickness 
700-2000A (angstrom), thus, orientation film layer was formed. 

Next, said orientation film layer surface, through mask for exposure which possesses the slit of 
periodic pattern, was exposed making use of parallel exposure apparatus (PLA-105 S Nikon 
Corporation (DB 69-055-0868 ) supplied ). 

This time, in the mask for exposure, spacing of line and the space was set within the range of 1 .67 - 
0.9 u m. 

Next, developing images, and rinsing processing is done, and it removed unnecessary polyimide, 
furthermore, annealing is administered at the temperature 230 deg C and the concave and convex 



shaped pattern of the periodic cross section of rectangular shape is formed on substrate. 

The cycle of concave and convex part in this pattern is decided with the interval of line and space of 
the mask for aforementioned exposure. 

[0029] 

Next, inside the large type vacuum chamber, ion beam etching treatment was done vis-a-vis 
orientation film layer which possesses concave and convex shaped pattern of above-mentioned cross 
section of rectangular shape, corner of concave and convex shapes of rectangular shape was dropped 
out, concave and convex shaped pattern is formed where cross section shape of each concave and 
convex shapes are asymmetric triangle. 

Namely, the orientation film which possesses concave and convex shaped pattern of triangle cross 
section as shown in figure 2 on transparent substrate was formed. 

[0030] 

Making use of a pair of substrate part which possesses concave and convex shaped pattern which is 
acquired as above, enclosing the liquid crystal using the customary method, 5 kinds of liquid crystal 
display element (Embodied example 1-5 ) were produced where the cycle(s) of concave and convex 
shaped pattern differs on the surface(s) of substrate part. 

[0031] 

In respective liquid crystal display element of these Embodied example 1-5, the orientation 
direction N tilt angle x and orientation order of liquid crystal molecules were measured, and the 
relationship (cycle dependence) of these and the cycle of concave and convex shaped pattern on the 
substrate part surface of liquid crystal display element was appraised. 

The result is shown in below-mentioned Table 1. 

Furthermore, the inclination of each Embodied example in Table 1 corresponds to the angle in 
concave and convex shapes which is shown in Figure 2. 

[0032] 

In addition, the plot of Figure 3 shows concerning the relationship between the orientation direction 
of liquid crystal molecule and the cycle of the concave and convex shaped pattern. 

In the same figure, the vertical axis shows the orientation direction of liquid crystal 
molecule* namely, the angle of liquid crystal molecular major axis direction for valley line 
(concave) or ridge line (convex part ) in the concave and convex grooves of substrate part surface, 
the horizontal axis shows the cycle of concave and convex shaped pattern respectively. 

Embodied example 6-9 
[0033] 

Excluding the condition of ion beam * etching treatment, following the method which is similar to 
Embodied example 1-5. on transparent substrate, as shown in the Figure 2, the orientation film 
which possesses concave and convex shaped pattern where cross section shape of each concave and 
convex shapes are asymmetric triangle was formed, furthermore, making use of this, liquid crystal 
display element was produced. 



As to the details, at the time of ion beam * etching treatment, The angle of ion beam illumination 
direction and the substrate normal line is changed within the range of the finite angle-76.4 deg which 
exceeds 0 deg, 4 types of liquid crystal display element (Embodied example 6-9 ) were produced 
where tilt angle of the concave and convex shapes differs on the surface of substrate part which 
touches liquid crystal. 

[0034] 

In respective liquid crystal display element of these Embodied example 6-9, the orientation 
directions tilt angle N and orientation order of liquid crystal molecule were measured and the 
relationship (inclination dependence) with these and the inclination of concave and convex shaped 
pattern on the substrate part surface of liquid crystal display element were appraised. 

Result is inscribed to below-mentioned Table 1 . 

Embodied example 10-14 

[0035] 

On the glass substrate or on substrate which corresponds to that, thin photoresist film was formed 
with thickness 1 m. 

Next, through slit shaped mask vis-a-vis said thin photoresist thin film, making use of laser 
holographic technology, exposure is done. 

Here, as the slit shaped mask, the mask which is similar to the mask for exposure which is used with 
embodied example 1-5 was used. 

In addition, as to the laser holographic technology, the exposure for thin photoresist film is done, 
making use of the interference pattern which is acquired by projection of laser light where phase is 

controlled, (production technology ^ Japan Patent No. 1046763 number of Eshelet diffraction 
grating ), it is applied for the orientation film which needs finer microscopic pattern or the materials 
where exposure is difficult to administer by mask for the aforementioned exposure. 

Consequently, one developed images vis-a-vis thin photoresist film after exposing, and rinsed, it 
formed resist thin film layer which possesses (a) periodic slit pattern on substrate. 

As for the cycle of concave and convex part in this pattern, it is decided by the spacing of line and 
spaces of aforementioned slit shaped mask or the interference pattern of the aforementioned laser 
holographic technology 

[0036] 

Next, inside the large type vacuum chamber, the ion beam etching treatment is done with resist thin 
film layer which possesses above-mentioned slit pattern as resistant etching mask, over the glass 
substrate or the substrate which corresponds to that is excavated, the concave and convex shaped 
pattern was formed where cross section shape of each concave and convex shapes are asymmetric 
triangle 

[0037] 

Next, on the surface of substrate which possesses concave and convex shaped pattern as described 
above, the film is formed with thermosetting cpoxy resin with thickness 2000-7000A ; by 
administering heating baking it is hardened; alongside the concave and convex shaped pattern where 



cross section shape of each concave and convex shapes on aforementioned substrate is asymmetrical, 
similar concave and convex shaped pattern, namely, the orientation film where concave and convex 
shaped pattern of triangle cross section which is shown in Figure 2 appears is formed. 

[0038] 

Making use of a pair of substrate part which possesses concave and convex shaped pattern which is 
acquired as described above, and following the conventional method, liquid crystal is enclosed and 5 
kinds of liquid crystal display element (Embodied example 10-14 ) are produced where cycle of 
concave and convex shaped pattern differs on the surface of substrate part.. 

[0039] 

In respective liquid crystal display element of these Embodied example 6-9, the orientation 
direction x tilt angle N and orientation order of liquid crystal molecule are measured and the 
relationship (cycle dependence) with these and the cycle of concave and convex shaped pattern on 
the substrate part surface of liquid crystal display element are appraised. 

Result is shown in below-mentioned Table 1. 

Embodied example 15-18 

[0040] 

Excluding the condition of ion beam * etching treatment, following the method which is similar to 
Embodied example 1-5, on transparent substrate, as shown in the Figure 2, the orientation film 
which possesses concave and convex shaped pattern where cross section shape of each concave and 
convex shapes are asymmetric triangle was formed, liquid crystal display element where this form 
appears on the substrate part surface was produced. 

As to the details, at the time of ion beam * etching treatment, the angle of ion beam illumination 
direction and the substrate normal line is changed within the range of the finite angle-76.4 deg which 
exceeds 0 deg, and 4 types of liquid crystal display element (Embodied example 15-18) were 
produced where inclination of the concave and convex shapes differs on the surface of substrate part 
which touches liquid crystal. 

[0041] 

In respective liquid crystal display element of these Embodied example 15-18, the orientation 
direction tilt angle ^ and orientation order of liquid crystal molecule are measured and the 
relationship (inclination dependence) with these and the inclination of concave and convex shaped 
pattern on the substrate part surface of liquid crystal display element are appraised. 

Result is described in below-mentioned Table 1 . 



[0042] 
[Table 1] 
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Table 1 : Translation] 



Periodic dependency 


Embodied 
example 


Period (jam) 


Inclination 
(deg) 


Orientation 
direction 


Tilt angle 


Orientation 
order 


Photo sensitive 
polyimid 


1 


5 


17.5 


50deg 


15 deg 


0.9 


- Propymid 400 


2 


3.33 


17.5 


30 deg 


10 deg 


0.9 


Liquid crystal material 
..5CB 


3 


1.66 


17.5 


30 deg 


10 deg 


1.0 




4 


0.833 


17.5 


2-4 deg 


0 - 2 deg 


1.0 




5 


0.4166 


17.5 


0 - 2 deg 


0 - 2 deg 


1.0 




Inclination dependency 


Embodied 
example 


Period (iim) 


Inclination 
(deg) 


Orientation 
direction 


Tilt angle 


Orientation 
order 


Photo sensitive 
polyimid 


6 


0.4166 


17.5 deg 


0 - 2 deg 


0 - 2 deg 


1.0 


- Propymid 400 


7 


0.4166 


30 deg 


Odeg 


0-1 deg 


1.0 


Liquid crystal material 
..5CB 


8 


0.833 


17.5 deg 


2 - 4 deg 


0 - 2 deg 


1.0 




9 


0.833 


30 deg 


Odeg 


0 - 1 deg 


1.0 


















Periodic dependency 


Embodied 
example 


Period (u.m) 


Inclination 
(deg) 


Orientation 
direction 


Tilt angle 


Orientation 
order 


Thermocurable epoxy 

Liquid crystal material 
..5CB 


10 


5 


17.5 


45 deg 


10 deg 


0.9 


11 


3.33 


17.5 


36 deg 


8 deg 


0.9 


12 


1.66 


17.5 


30 deg 


6 deg 


1.0 


13 


0.833 


17.5 


2 - 4deg 


0-2 
deg 


1.0 


14 


0.4166 


17.5 


0 - 2 deg 


0-2 
deg 


1.0 


Inclination dependency 


Embodied 
example 


Period (uni) 


Inclination 
(deg) 


Orientation 
direction 


Tilt angle 


Orientation 
order 


Thermocurable epoxy 

l iquid crystal material 
..5CB 


15 


0.4166 


17.5 deg 


0 - 2 deg 


0-2 
deg 


1.0 


16 


0.4166 


30 deg 


0 deg 


0- 1 
deg 


1.0 


17 


0.833 


17.5 deg 


2 - 4 deg 


0-2 
deg 


1.0 



18 


0.833 


30 deg 


Odcg 


0- 1 

deg 


1.0 



















0043] 



From the result which is shown in Table 1, in liquid crystal display element of the this invention, by 
changing the cycle and inclination etc of concave and convex shaped pattern, the orientation 

direction, tilt angle etc of liquid crystal molecule can be controlled unrestrictedly. 

In addition, in all of the cases, the orientation order of liquid crystal molecule is satisfactory, 
orientation uniformity of liquid crystal molecule is achieved satisfactorily. 

In addition, concerning light transmission property of liquid crystal display element of this invention, 
it was evaluated as below. 

[0044] 

First, according to the method which is similar to Embodied example 1-5, it possessed concave and 
convex shaped pattern where cross section shape of each concave and convex shapes are asymmetric 
triangle on the surface, it formed substrate part where the cycle of concave and convex shapes are 
0.8um. 

a set of said substrate section opposes each other so that the direction of concave and convex grooves 
become 90 deg mutually, liquid crystal is enclosed between said substrate sail section, it formed 
liquid crystal cell which corresponds to liquid crystal display element of this invention. 

This liquid crystal cell is sandwiched between parallel nicols, it measured optical transmittance rate 
(light source 570 nm ) when it rotated. 

[0045] 

Simultaneously, liquid crystal cell which possesses substrate part which was treated with 
conventional rubbing method was formed. 

In addition, liquid crystal cell which is equipped with substrate section which possesses concave and 
convex shaped pattern where cross section shape of each concave and convex shapes are symmetrical 
triangle on the surface was formed. 

In regard to these liquid crystal cell same as described above, light transmission property was 
evaluated 

In each liquid crystal cell, relationship between cell rotation angle and optical transmittance is shown 
in Figure 4. 

Furthermore, horizontal axis shows cell rotation angle (deg ), and vertical axis shows optical 
transmittance (a.u. ) respectively in the same Figure. 

[0046] 

From the result of Figure 4, it suggests that liquid crystal display element (cell ) of this invention 
shows equal characteristic in regard to optical transparency with the element which were treated by 
the rubbing method, one can understand that .furthermore, the defect of elements or other occurrence 
of defect of display image is decreased, in comparison with the rubbing method 



[0047] 



In addition, regarding the liquid crystal display element which possesses concave and convex shaped 
pattern where cross section shape of each concave and convex shapes of substrate part is symmetrical 
graphic shape, and the misalignment of phase and light and dark contrast are low, alignment control 
for liquid crystal molecule can not be done satisfactorily, one can understands. 

[0048] 

[Effects of the Invention] 

As above detailed, as for this invention, , it provides liquid crystal display element whereby the 
pollution of substrate and each element or other electrostatic breakdown etc w hich was formed on 
substrate are decreased, defect of liquid crystal image is minimal, the orientation uniformity at same 
time for liquid crystal molecule can be attained easily 

[0049] 

Furthermore, as for liquid crystal display element of this invention, product accident rate is greatly 
decreased in the production process; it is expected that regarding V-T characteristic ^ motion picture 
display condition or other characteristics performance it will show superior performance; its 
industrial value is large. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

A sectional view which shows one example of structure of pixel part in liquid crystal display element 
of this invention 

[Figure 2] 

An oblique view- which shows one example of structure of the orientation film in liquid crystal 
display element of this invention 

[Figure 3] 

A plot which shows the relationship between orientation direction of liquid crystal molecule and the 
cycle of the concave and convex shaped pattern in one Embodied example of liquid crystal display 
element of this invention, 

[Figure 4] 

a plot which shows the relationship between the cell rotation angle and the optical transmittance in 
the cell which corresponds to liquid crystal display element of this invention and the comparative 
Example 

[Explanation of Symbols in Drawings] 

1 

substrate part 
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substrate 

transparent conductive film 
orientation film 
substrate part 
substrate 

transparent conductive film 

orientation film 

liquid crystal 
a 

horizontal distance of inclined plane of concave and convex shapes 
b 

horizontal distance of inclined plane of concave and convex shapes 
d 

One cycle of concave and convex shapes 
h 

height of concave and convex shapes 

Drawings 

[Figure 1] 



[Figure 3] 

x axis: orientation direction (deg); y axis: 
pattern period (urn) 



concave & convex 




* 2 3 4 



[Figure 4] 

x axis: light transmittance rate (a.u) 
y axis: cell rotation angle (deg) 

cells processed by rubbing method 

cells with concave & convex pattern that corresponds to this invention 

- cells that were formed by concave & convex pattern with symmetrical shapes 
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